Abstract Melanoma is increasing in incidence and remains a major public health threat. Although the disease may be curable when identified early, advanced melanoma is characterized by widespread metastatic disease and a median survival of less than 10 months. In recent years, however, major advances in our understanding of the molecular nature of melanoma and the interaction of melanoma cells with the immune system have resulted in several new therapeutic strategies that are showing significant clinical benefit. Current therapeutic approaches include surgical resection of metastatic disease, chemotherapy, immunotherapy, and targeted therapy. Dacarbazine, interleukin-2, ipilimumab, and vemurafenib are now approved for the treatment of advanced melanoma. In addition, new combination chemotherapy regimens, monoclonal antibodies blocking the programmed death-1 (PD-1)/PD-ligand 1 pathway, and targeted therapy against CKIT, mitogen-activated protein/extracellular signal-regulated kinase (MEK), and other putative signaling pathways in melanoma are beginning to show promise in early-phase clinical trials. Further research on these modalities alone and in combination will likely be the focus of future clinical investigation and may impact the outcomes for patients with advanced melanoma.
Introduction
Skin cancer is the most common human malignancy. Globally, there are about 2-3 million cases of skin cancer each year, and while melanoma accounts for about 132,000 of these cases, it is linked to the most deaths [1] . The incidence of melanoma has more than tripled in the Caucasian population over the past 20 years. Currently, it is the sixth most common cancer in the USA [2] . In 2009, there were more than 8,500 deaths in the USA due to melanoma, with a slight male predominance [2] . Melanoma is an aggressive tumor with advanced disease characterized by widespread metastatic lesions and the tumor has traditionally been resistant to most forms of treatment. Indeed, metastatic melanoma has a very poor prognosis with a median survival time of 8-9 months and an estimated 3-year survival rate of less than 15 % [3] . These rates have not changed much in the last 25 years. The reason for this may be, in part, that effective therapies have been slow to emerge. Prior to 2011, the only agents approved for the treatment of metastatic melanoma were dacarbazine and interleukin-2 (IL-2) [2] . Recent advances in our understanding of the genetic profile of melanoma cells and the molecular factors that drive malignant transformation have resulted in the identification of numerous new therapeutic targets [1, 2] . In addition, major progress has been made in understanding the role of T lymphocytes in patients with melanoma, resulting in new forms of immunotherapy for the treatment of advanced melanoma. This new understanding has led to several significant phase III clinical trials and the approval of the first BRAF inhibitor (vemurafenib) and T-cell checkpoint inhibitor (ipilimumab) for the treatment of stage IV melanoma. These new agents have provided the oncologist with new therapeutic options and efforts are underway to further evaluate the impact of dosing and sequencing of these agents to optimize the clinical benefit for patients with melanoma [4, 5] . This review summarizes the various modalities that are currently available for the treatment of advanced melanoma and touches briefly on some of the more promising agents in clinical development.
Melanoma can metastasize to any location in the body and detection of metastatic disease requires whole body imaging. While there are no data to support the routine imaging of high-risk patients, once metastatic disease is suspected complete imaging is indicated [6] . This may consist of computed tomography (CT) scans of the chest, abdomen, and pelvis or whole body positron emission tomography (PET) scans. A magnetic resonance imaging (MRI) of the brain should also be done since CNS metastasis is also a major problem with melanoma. The American Joint Committee on Cancer (AJCC) TNM staging system for melanoma has suggested that the location of metastatic disease and serum lactate dehydrogenase (LDH) levels are highly predictive of prognosis for patients with advanced melanoma [7] . In general, patients with distant skin, subcutaneous, or nodal metastases (M1a) have the best prognosis, with a worse prognosis for pulmonary only metastases (M1b), and the worst prognosis occurs for patients with extra-pulmonary visceral metastases or those with an elevated serum LDH (M1c). Once metastatic disease is identified there are several modalities that can be considered.
Surgical Therapy
Metastasectomy is the surgical excision of a metastatic tumor and this continues to be the standard of care for patients who present with a solitary melanoma metastasis. Clinical evaluation by a surgical oncologist is warranted in patients with isolated metastatic disease and this option should be reconsidered in patients following systemic therapy since it is not uncommon for some metastatic lesions to respond while others may be resistant to systemic therapy. There are no prospective, randomized clinical trials demonstrating a therapeutic benefit for metastasectomy in melanoma but there are many compelling retrospective studies that suggest selected patients may benefit from surgical treatment.
A review of the Surveillance Epidemiology and End Results (SEER) database for metastasectomy outcomes in melanoma suggested an improved survival for metastatic melanoma patients undergoing metastasectomy regardless of location. This effect was most pronounced for M1a patients [8] . In this review, the median survival rate of patients with skin, subcutaneous, and lymph node metastases after surgical resection was reported to be 35 months compared with 6 months for patients without surgery [9] .
A similar benefit has been reported for regional lymphadenectomy in patients without an identified primary tumor [10] . While these data may be biased by patient selection, they do suggest that selected patients with M1a disease may benefit from surgical resection.
The lung is the most common site of metastases of melanoma after distant skin, subcutaneous, and nodal metastases. Median survival after diagnosis of pulmonary metastatic disease is 13 months, but retrospective studies have found that surgical resection can result in median survival rates of up to 40 months and a 5-year survival rate of 35 % has been reported [11, 12] . In a single institution review of a prospective melanoma registry, 1,720 patients who had undergone pulmonary metastasectomy were identified [13] . In this series, the median survival for the population after diagnosis of pulmonary metastases was 7.3 months. In patients who underwent metastasectomy, there was a 12-month survival benefit (19 vs. 7 months, p \ 0.01). This benefit persisted even in the face of extrathoracic metastasis where surgical patients had a survival of 18 months compared with 8 months for those without surgery (p \ 0.01). The investigators identified several factors on multivariate analysis that were associated with improved survival, including nodular histology, prolonged disease-free interval, fewer numbers of lesions, presence of extrapulmonary disease, and performance of pulmonary metastasectomy. Other retrospective studies describe similar advantages of surgery in patients with pulmonary-only metastasis, which has led some to argue surgery should be the standard of care for people with pulmonary metastatic melanoma [11] [12] [13] [14] [15] [16] [17] .
Melanoma is the most common metastatic tumor to the gastrointestinal tract, and once identified, the survival prognosis is 4-6 months [18] . As with pulmonary metastases, surgical resection is recommended, and 5-year survival rates are reported at 27 % after resection [19] [20] [21] . Resection of hepatic metastases has been associated with increases in median survival from 6 to 22 months, although recurrence rate is as high as 75 % [22, 23] . There is a survival benefit for surgical resection of adrenal metastases as compared with patients managed without surgery, and laparoscopic adrenalectomy for metastatic melanoma is described in the literature [24, 25] . A review of pancreatic resections for metastatic melanoma showed that this approach may only offer a palliative benefit, with no improvement in long-term survival [20] .
CNS metastases deserve special mention since these occur commonly and are associated with a bad prognosis. Whole brain and stereotactic radiation are useful in these patients but surgical resection may play a role in selected patients. In a retrospective review of brain metastases, a survival benefit was reported for surgical resection of solitary metastatic lesions, as well as improved palliation when surgical resection was performed, whether alone or combined with radiation [26] . There are several other retrospective series suggesting a clinical benefit for craniotomy when only a single metastatic tumor is present in the brain [27] [28] [29] . More recently, 41 patients who had undergone craniotomy for CNS melanoma metastasis were followed. In this study, 15 patients underwent subsequent whole brain radiation and 26 did not have radiation with no difference in survival between the groups. There was, however, a significant improvement in duration of survival for patients who achieved an objective systemic response to subsequent immunotherapy (p \ 0.05). These data suggest that a multi-disciplinary approach to the management of melanoma CNS metastasis is warranted [30] .
A number of factors have been associated with therapeutic benefit with metastasectomy. While there is clearly a benefit for resection of solitary lesions, the ability to completely resect all known sites of disease is a critical determinant of long-term survival [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] . Surgical management also offers the opportunity for palliation in some cases and may be repeated, if necessary, whereas radiation and exposure to cytotoxic chemotherapy may be difficult after initial therapy [48, 49] . A patient who underwent five different metastatic resection surgeries has been described, and remains disease free for 67 months [50] . The potential for combining surgical resection with other adjuvant therapies remains a topic of intense interest [51] [52] [53] [54] [55] . These anecdotal and retrospective cases must be interpreted with caution as they are subject to significant selection bias. To date, there have been no prospective, randomized clinical trials evaluating metastasectomy in melanoma but surgical resection can be considered in appropriate patients.
Cytotoxic Chemotherapy

Dacarbazine
Dacarbazine is an alkylating agent and was approved for the treatment of metastatic melanoma in 1974. This is still the only cytotoxic chemotherapy agent approved by the US FDA for the treatment of metastatic melanoma. Several studies have evaluated the efficacy of dacarbazine and objective response rates usually range from 6 % to 20 % [56] . A careful review of the literature has further suggested that less than 5 % of patients achieve a complete response with dacarbazine and there is only a 2-6 % survival reported at 5 years [56] . Dacarbazine has remained the standard chemotherapy of choice for metastatic melanoma largely because other single and combination chemotherapy regimens have failed to demonstrate any overall survival benefit in randomized clinical trials. New agents and combinations, however, are being evaluated and merit attention.
Temozolomide
Temozolomide (TMZ) is an oral prodrug of the active metabolite of dacarbazine (5-(3-methyltriazen-1-yl) imidazole-4-carboximide; or MTIC), is FDA approved for glioma, and has been used in advanced melanoma [56] . TMZ also has an advantage over dacarbazine in being able to cross the blood-brain barrier, which has made it a popular choice for patients with CNS disease. A randomized clinical trial compared TMZ with dacarbazine, and demonstrated a modest improvement in median progression-free survival for patients in the TMZ group (1.9 vs. 1.5 months; p = 0.012) [57] . In this trial, there was no difference in overall survival (7.7 vs. 6.4 months; p = 0.20) or objective response rates (21 % TMZ group vs. 18 % dacarbazine group).
Combination Chemotherapy Regimens
A common chemotherapy regimen used in metastatic melanoma combines cisplatin, vinblastine, and dacarbazine (CVD). This regimen has been associated with objective response rates of 20-35 % [58] . The regimen has been compared with dacarbazine alone, and no significant improvements in overall survival were observed [59] . TMZ has been substituted for dacarbazine in this regimen and is currently under clinical investigation. Another combination regimen that has been under study is the combination of carboplatin and paclitaxel (CP), a regimen that is used in the treatment of non-small-cell lung cancer and advanced ovarian cancer [60] . In a recent phase II clinical trial, 61 patients with metastatic melanoma were treated with CP and 20 patients were treatment naïve while 41 patients had received at least one prior therapy. An objective partial response was reported in 4.9 % of patients with an additional 23 % achieving stable disease. The median overall survival was 31 weeks for the patient population with those who had controlled disease (partial responders and stable disease patients) having 49 weeks median survival compared with 18 weeks for patients with progressive disease after treatment. The regimen was associated with myelosuppression, peripheral neuropathy, and fatigue. This regimen has not yet been directly compared with dacarbazine.
Biochemotherapy
Another popular approach has been to combine chemotherapy with immunotherapy in a regimen generally referred to as 'biochemotherapy' (BCT). The most widely studied BCT regimen has utilized dacarbazine-based regimens, such as CVD, with IL-2 and interferon-a-2b [61] . A multi-institutional, cooperative group, phase III clinical trial compared BCT with chemotherapy (CVD) alone [62] .
The BCT arm demonstrated a higher response rate (19.5 % vs. 13.8 %; p = 0.140) and an improvement in median progression-free survival (4.8 vs. 2.9 months; p = 0.015). The investigators did not, however, demonstrate an advantage in overall survival (9.0 months in the BCT arm vs. 8.7 months in the CVD-alone arm; hazard ratio = 0.95, p = 0.639). Additionally, the BCT regimen was associated with severe toxicity (the incidence of grade 3 or worse toxicity was 95 % for BCT vs. 73 % for CVD; p = 0.001) [62] . Meta-analysis of several trials comparing various BCT regimens with chemotherapy showed significant increase in response rates for BCT regimens [63] . In another trial that substituted TMZ for dacarbazine in the BCT regimens, a decrease in the incidence of initial CNS progression was observed, but again, there was no improvement in overall survival [64] . These data suggest that BCT should only be considered in the setting of a clinical study.
A more recent chemotherapy agent being investigated in metastatic melanoma is albumin-bound paclitaxel, or nabpaclitaxel [65] . This agent has been approved for the treatment of patients with metastatic breast cancer [66] . A phase II trial of albumin-bound paclitaxel as a single agent in previously treated and chemotherapy-naïve metastatic melanoma patients demonstrated partial response rates of 2.7 % and 21.6 %, respectively. In addition, median progression-free survival of 3.5 months and 4.5 months, and median overall survival of 12.1 months and 9.6 months, respectively, were seen in second-and first-line treatment settings [67] . These figures compare favorably to dacarbazine-based regimens. Another phase II trial evaluated albumin-bound paclitaxel and carboplatin in previously treated and chemotherapy-naïve patients with unresectable stage IV metastatic melanoma. The results showed response rates of 8.8 % and 25.6 %, median progressionfree survival of 4.2 months and 4.3 months, and median overall survival of 10.9 months and 11.1 months in previously treated and chemotherapy-naïve patients, respectively [68] . In this trial, all objective responses were partial responses in the previously treated group, and all but one was a partial response in the chemotherapy-naïve group [68] . These trials suggest promising clinical activity and nab-paclitaxel was associated with less toxicity than paclitaxel. A randomized phase III trial has been completed and results are expected soon.
Tumor Immunotherapy
Tumor immunotherapy is a modality that utilizes the immune system to recognize and eradicate cancer. Melanoma has been the prototypical tumor for immunotherapy based on the early identification of tumor-associated antigens within melanoma cells, recognition that T-cell infiltrates were related to good outcomes in primary melanoma lesions, the success of highdose IL-2 in the treatment of metastatic melanoma, and recent survival benefits reported for ipilimumab, a T-cell checkpoint inhibitor. While it has long been recognized that the immune system could mediate tumor recognition and rejection, it has more recently been established that immunotherapy can be effective in mediating durable complete responses in selected patients with advanced melanoma [69] . In Sects. 4.1-4.2, we review the two approved immunotherapy agents for metastatic melanoma and briefly describe some of the promising new agents in development.
Interleukin-2
IL-2 is a cytokine that mediates the homeostatic function of T and natural killer (NK) cells. While originally described as a T-cell growth factor based on the need for IL-2 to expand effector T cells, emerging data have supported a role for IL-2 in expanding regulatory T cells (Tregs), which have innate suppressive functions in vitro and in vivo. The clinical application of IL-2 in melanoma patients began when IL-2 was used to support the survival of adoptively transferred T cells in the 1980s. Subsequent work in animal models and humans demonstrated that IL-2 when administered at high doses had independent anti-tumor activity [70] . High-dose IL-2 was FDA approved for metastatic melanoma in 1998 based on an analysis of 270 metastatic melanoma patients treated with a high-dose (600,000 international units per kg) bolus (over 15 min every 8 h to 14 doses) of IL-2 with an overall response rate of 16 % and a complete response rate of 6 % [71] . Long-term survival analysis of these patients demonstrated durable response with a median duration of complete response of over 59 months [72] . Nearly 40 % of the responding patients that were alive during the report continued to be disease free for more than 70 months and without melanoma progression for more than 150 months following initiation of therapy. In addition, surgical resection of residual disease was performed in some patients who had a relapse and these patients also attained prolonged relapse-free survival [73] . The identification of patients likely to benefit from IL-2 has been the subject of considerable work and several putative biomarkers have been described, including serum vascular endothelial growth factor (VEGF) and fibronectin levels, although these require prospective validation. IL-2 requires treatment at specialized centers where the toxicity can be properly managed. Adverse effects include capillary leak syndrome, which is characterized by hypotension, tachycardia, peripheral edema, reversible multi-system organ failure, and cardiac arrhythmias [73] . Additional toxicity consists of fever, pruritus, electrolyte abnormalities, cytopenias, and coagulopathy. Early reports of IL-2-related mortality stemmed from uncontrolled Gram-positive infections and antibiotic prophylaxis became routine after 1990.
Several strategies have been utilized to increase the therapeutic potential of IL-2 and these have largely centered on combinations with other modalities. While combinations with cytotoxic chemotherapy have generally been disappointing, a promising approach combining IL-2 with an HLA-0201-restricted gp100 peptide vaccine has been reported. The gp100:209-217 (210M) peptide binds with a higher affinity to HLA-A2 than the native peptide, and induces stronger T-cell stimulation [74] . An initial singleinstitution phase II trial with 210M combined with highdose IL-2 demonstrated objective tumor responses in 13 of 31 (42 %) patients [75] . A multi-institutional study evaluated three phase III trials of 210M and high-dose IL-2 administered in various schedules with the aim of achieving a target response rate of 30 % [74] . None of the trials reached this target after a 60-month median follow-up; the overall response rate was 16.5 %. More recently, a prospective, randomized phase III trial was completed and a significant improvement in objective response was seen in patients treated with 210M and IL-2 compared with patients who received IL-2 alone (16 % vs. 6 %, p = 0.03) [76] . This trial also reported a significant improvement in progression-free survival (2.2 months vs. 1.6 months; p = 0.008) and a trend toward improved median overall survival (17.8 months vs. 11.1 months; p = 0.06) in the combination group compared with the high-dose IL2-alone group.
Ipilimumab
The cytotoxic T-lymphocyte antigen 4 (CTLA-4) is an inhibitory checkpoint receptor that blocks T-cell activation and helps regulate the balance between immune activation and tolerance [77] [78] [79] . T-cell activation is regulated by a series of signals from antigen-presenting cells that provide intra-cellular information to the T cell related to the type and strength of antigenic stimulation. The first signal is delivered through antigens, which for T cells is provided as processed peptides bound to major histocompatibility complex (MHC) molecules; antigenic peptides in the context of MHC are recognized by the T-cell receptor (TCR). For full activation, T cells also require a second, or costimulatory, signal. The best characterized costimulatory signal is provided by B7.1 and B7.2 (also known as CD80 and CD86) on the surface of antigen-presenting cells. CD80 and CD86 bind to CD28 on the surface of the T cell, resulting in signaling that allows the T cell to enter the cell cycle, differentiate, and produce cytokines [80] . In the absence or insufficiency of the costimulation signal, T-cell responses are blunted and T cells can become tolerant, or unresponsive, to the presented antigen. Under normal physiologic conditions, CTLA-4 is mobilized to the surface of antigen-activated T cells after costimulation, and can effectively bind to B7 costimulatory molecules with much higher affinity than CD28 [81] . This interaction, in effect, reverses T-cell activation and provides an autocrine regulatory mechanism for preventing uncontrolled T-cell activation and autoimmunity. In the setting of an established tumor, however, this early inactivation of T-cell function may hinder tumor clearance. In fact, in an animal model of melanoma, the combination of a tumor cell vaccine with an antagonist CTLA-4 monoclonal antibody was shown to release T-cell responses from inhibition and treatment was able to mediate tumor regression of B16, a poorly immunogenic melanoma tumor [82] . This and other promising preclinical results led to clinical trials using a fully humanized anti-CTLA-4 monoclonal antibody (ipilimumab).
In a phase II clinical trial of 217 patients with unresectable stage III or IV melanoma, patients were randomized in a blinded manner to a fixed dose of ipilimumab at 0.3, 3.0, or 10.0 mg/kg. In this study, the best overall response rate was 11.1 % in the 10 mg/kg cohort with 4.2 % response at 3 mg/kg and no responses at the 0.3 mg/kg dose; responses were found to be durable (18-35 months) [83] [84] [85] . Ipilimumab has been associated with an interesting adverse effect profile that consists of autoimmune events, such as dermatitis, colitis, drug-related hepatitis, endocrinopathies, and rarely neuritis. These adverse effects appeared to be more common at the higher doses of ipilimumab [83] . A prospective, double-blind, randomized, phase III trial was conducted in 676 HLA-A2 patients with advanced melanoma who were randomized to one of three treatment arms consisting of ipilimumab alone (at 3 mg/kg), ipilimumab (at 3 mg/kg) combined with the 210 M gp100 peptide vaccine, or vaccine alone. This trial confirmed the therapeutic benefit of ipilimumab as patients who received the drug in either treatment arm had a significantly superior overall survival compared with vaccinealone patients (10 months vs. 6 months; p = 0.0026) [86] . When comparing ipilimumab alone with ipilimumab plus gp100, the response rate was 10.9 % vs. 5.7 % (p = 0.04). Importantly, this trial also observed no significant difference in progression-free survival, which highlighted the delayed kinetics of response that is often observed with ipilimumab. Based on the results of this trial, ipilimumab was approved by the FDA for the treatment of advanced melanoma in 2011. A subsequent randomized clinical trial was reported that compared ipilimumab at 10 mg/kg and dacarbazine (850 mg/m 2 of body-surface area) with dacarbazine (850 mg/m 2 ) and placebo [8] . In this trial, 502 patients with previously untreated metastatic melanoma were enrolled. The overall survival was significantly prolonged in the ipilimumab-treated patients (11.2 vs. 9.1 months) with better 1-year survival in the combination arm compared with controls (47.3 % vs. 36.3 %). The survival effect persisted with prolonged 3-year survival for combination-treated patients compared with the control arm (20.8 % vs. 12.2 %; hazard ratio for death = 0.72; p \ 0.001). The incidence of grade 3 or greater adverse events were reported in 56.3 % of patients treated in the combination arm compared with 27.5 % in the dacarbazine and placebo arm (p \ 0.001). In this study, there were no drug-related deaths or gastrointestinal perforations reported.
These clinical trials focused attention on two important aspects of treatment with ipilimumab and potentially other T-cell checkpoint inhibitors. The first is the development of a diverse array of autoimmune adverse effects that appear to affect almost all tissues with the skin and gastrointestinal tract being the most common. These adverse effects can be effectively managed with corticosteroids, and rarely, more intense immunosuppressive medications. The second aspect is the delayed onset of both clinical responses and toxicity, leading to the need for caution in interpreting initial response and on-going vigilance for toxicity even after treatment has stopped. The delayed kinetics is presumably related to the longer time required for T-cell activation, migration to tumor sites, eradication of tumor cells, and clearance of necrotic debris. A new set of clinical guidelines known as the immune-related response criteria have been proposed as a more accurate method for monitoring patients treated with ipilimumab and other immune modulators [88, 89] . These guidelines will require further validation but should be kept in mind when evaluating melanoma patients being treated with these agents.
Programmed Death-1 (PD-1)/PD-Ligand 1 Blockade
Similar to CTLA-4, the programmed death-1 (PD-1) receptor is a T-cell co-inhibitory molecule that normally binds to the PD-1 and 2 ligands (PD-L1, PD-L2) on antigen-presenting cells and suppresses T-cell activation. The PD-1/PD-L1 system is of particular interest because PD-1 is highly expressed on both activated T cells and 'exhausted' T cells following exposure to high antigen loads [90, 91] . Engagement of PD-1 by its ligands, PD-L1 and PD-L2, results in altered T-cell activation and function mediated by downregulation of TCR signaling and upregulation of inhibitory tyrosine phosphatases [92] [93] [94] . These ligands are typically expressed by antigen-presenting cells, but have also been found to be aberrantly expressed on a number of human tumors, including metastatic melanoma [95, 96] . Tumor PDL-1 expression was shown to correlate with the presence of infiltrating lymphocytes and a poor clinical prognosis [97] . In preclinical animal models, antibodies that block PD-1 resuscitated melanoma-specific T-cell responses and augmented tumor regression [98] [99] [100] . A fully humanized antibody to PD-1 has been tested in patients with refractory solid tumors, including melanoma [101] . The antibody appears to be well tolerated without significant toxicity, except for one patient who developed inflammatory colitis. In another clinical trial that included 109 melanoma patients, 26 experienced objective responses that were durable in some cases for up to 12 months [102] . In a recent phase I clinical trial, an anti-PD-L1 monoclonal antibody in a dose escalation design ranging from 0.3 mg/kg to 10 mg/kg was administered to patients with selected metastatic tumors. The study enrolled 207 patients, including 55 with metastatic melanoma and treated patients until disease progression or toxicity developed. The median duration of treatment was 12 weeks and objective responses were reported in 9 of 52 evaluable melanoma patients as well as in two renal cell carcinoma patients, five non-small-cell lung carcinoma patients, and one ovarian cancer patient. The responses appeared to be durable with 50 % lasting at least 1 year after onset. The most common drug-related adverse effects were fatigue, infusion reactions, diarrhea, arthralgias, rash, nausea, pruritus, and headaches but only 9 % of patients experienced grade 3 or greater toxicity [103] . Future studies are likely to include combinations of anti-PD-1 and anti-PD-L1 with ipilimumab and this is supported by pre-clinical mouse melanoma studies that demonstrated synergy between PD-1 and CTLA-4 blockade [104] .
Adoptive Cell Transfer
Adoptive cell transfer is a form of passive immunotherapy in which patients are infused with a large number of melanomaspecific T cells. Recent studies, particularly when cells are administered in the setting of host lymphodepletion, have reported objective response rates as high as 70 % [105] . The process of generating the large number of tumor-antigenspecific T cells is very labor and time intensive. Briefly, T cells are selected for their ability to produce interferon-c in the presence of tumor or specific antigen(s) and carefully expanded in culture for up to 2 weeks using IL-2 to produce large numbers of cells (up to 50 9 10 9 ) to be re-infused into the patient [106] . The success of this approach appears dependent on (1) the source of tumor-specific T cells, which can come from tumor-infiltrating lymphocytes (TILs) or transgenically modified, peripheral blood T cells that express a melanoma-specific TCR, (2) ex vivo IL-2 expansion, and (3) conditioning patients with a regimen of non-myeloablative chemotherapy and/or irradiation before infusion and high-dose IL-2 after infusion [107] .
The lymphodepleting conditioning regimens have included non-myeloablative chemotherapy with fludarabine, cyclophosphamide, and total body irradiation (2-12 Gy). The mechanism by which host lymphocyte depletion supports the anti-tumor activity of adoptive cell transfer (ACT) is incompletely understood but may include suppression of Tregs, removal of cytokine sinks, and eradication of host tumor immunosuppressive factors. The source of the T cells also strongly influences the success of ACT. TILs provide the ideal source for the tumor-specific T cells and a number of studies that utilized this source have generated impressive response rates of up to 70 % [105, 108, 109] . However, a drawback to this source is the high 'dropout' rate (up to 40 %) due to the inability to generate enough functional T cells in culture. To combat the high 'dropout' rate seen in the TIL studies, peripheral blood T cells can be genetically engineered to express high-or low-affinity tumor-antigen-specific TCRs [110, 111] . The results from studies utilizing these approaches were not as impressive as the TIL studies, with 19-30 % of the patients experiencing objective responses [112, 113] . Adverse effects are often related to the conditioning regimens (e.g., fludarabine, cyclophosphamide, and irradiation) and those seen with high-dose IL-2 administration. In some cases, autoimmune events such as the destruction of normal melanocytes in eyes and skin occurs and immunosuppression is sometimes required to control these [108] . The ACT approach will require further prospective randomized trials with survival endpoints as well as feasibility analyses at more centers before this can be incorporated into the therapeutic armamentarium for melanoma treatment.
Regulatory T-Cell Inhibition
Tregs are defined by high expression of the IL-2 receptor (IL-2R) a chain (CD25) and the Forkhead box P3 (FoxP3) transcription factor; these cells suppress activated effector T cells and can inhibit anti-tumor immunity in animal models [114] [115] [116] . The impact of Tregs in patients with melanoma has been suspected to be based on reports of increased Treg numbers in both the peripheral circulation and at the tumor microenvironment [117] . This increase in Treg frequency was found to correlate with poor clinical outcomes and may also affect the ratio of effector CD8
? T cells (cytolytic) to Tregs. For example, a ratio that favors CD8
? T cells has been shown to strongly correlate with improved survival (p \ 0.0001) [118] . Thus, a potentially promising approach to release anti-tumor immunity from Treg suppression is to deplete the host of Tregs. Several strategies have been developed for this purpose, although none is completely specific for Tregs. In addition to nonmyeloablative conditioning, the most well conducted studies have taken advantage of the propensity for Tregs to express high levels of CD25 on the cell surface [119] [120] [121] .
Ontak, a fusion of the IL-2 protein and diphtheria toxin, selectively eliminates IL-2R-expressing Tregs from the peripheral blood of renal cell carcinoma patients. The decrease in Treg frequency was transient and was associated with augmented effector T-cell proliferation and cytotoxicity following active immunization [119] . Furthermore, results from a recent clinical trial of Ontak in metastatic melanoma patients demonstrated an abrogation of the suppressive activity of Tregs in vivo and enhanced de novo appearance of tumor-specific CD8? T cells. Of the 60 patients treated, 17 % had objective partial responses with impressive 1-, 2-, and 3-year survival (40.0 %, 17.9 %, and 9.2 %) [122] . Despite these data, further calibration of the timing and dosage of Ontak is needed, as other studies failed to obtain similar results [123] . This discrepancy may be due to the unwanted depletion of anti-tumor effector cells (e.g., CD4? helper and CD8? cytotoxic T cells), which also express CD25. Another agent, anti-IL-2R monoclonal antibody (daclizumab), originally developed to prevent organ transplant rejection, may also attenuate Treg immune suppression in melanoma patients and is currently being explored [124, 125] .
Oncolytic Virus Therapy
One strategy to generate a systemic anti-melanoma immune response is to induce the destruction of cancer cells by the use of an engineered oncolytic herpes simplex, type 1 virus. This virus encoding human granulocyte-macrophage colony-stimulating factor (talimogene laherparepvec) is injected directly into an established metastatic melanoma lesion and while it is taken up by both normal and malignant cells, it replicates only in the melanoma cells. The oncolytic nature of this virus should result in the release of tumor antigens that can be taken up by antigen-presenting cells to activate melanoma-specific T-cell responses [126] . In a phase II clinical trial in which patients with refractory stage IV or unresectable stage III melanoma were treated with talimogene laherparepvec, an objective clinical response of 28 % was observed [127] . This included regression of injected and non-injected visceral disease. Further evaluation of peripheral blood and tumor biopsy specimens suggested that regressing tumors were associated with the appearance of melanomaassociated antigen (MART)-1-specific effector CD8? T cells and a decrease in Tregs [128] . These early-phase clinical trials also confirmed the safety of this agent and only minor grade I adverse events were reported, such as fever and local injection-site pain. These data demonstrate the therapeutic potential of local oncolytic virus treatment and a follow-up multi-institutional, prospective, randomized phase III clinical trial is currently in progress. Other vectors, including Coxsackievirus A21, adenovirus, Newcastle disease virus, and others are also being explored.
Toll-Like Receptor Agonists
The toll-like receptors (TLRs) are a collection of molecules that belong to the IL-1R superfamily and recognize repeated patterns that are common among host pathogens, often referred to as pathogen-associated molecular patterns (PAMPs). Activation of the innate immune system (e.g., macrophages and dendritic cells) through TLRs promotes the activation of naïve B and T cells, and fosters the development of adaptive immunity against an array of pathogenic organisms [129] . Ligation of TLRs induces the production of local cytokines, such as interferon-a and IL-12, which enhance local immune responses [129] . Although originally described in the induction of pathogenspecific immunity, there is emerging evidence that TLRs may also mediate anti-tumor immunity. Imiquimod is a topical TLR 7/8 agonist that has been approved by the FDA for the treatment of viral warts and basal cell carcinoma. Early reports have also suggested that imiquimod may induce regression of superficial melanocytic lesions [130, 131] . The tumors that regressed following TLR agonist treatment have been associated with a significant immune response, including an increase in CD8? T-cell infiltration at the site of application. Imiquimod has also been used in combination with tumor vaccines to elicit more potent systemic anti-tumor immune responses [132] . The endpoint of this study was induction of antigen-specific T-cell responses, which were seen in 44 % of the treated patients, suggesting imiquimod could boost the immunity of tumor vaccines [132] . Although tumor regression was local, the data suggest that this may be a potent adjuvant for vaccines, and perhaps other forms of immunotherapy.
Targeted Therapy
A major advance in the treatment of cutaneous melanoma has been the identification of activating mutations in the genes of a number of key cell signaling molecules that drive melanoma cell proliferation and the malignant phenotype. These molecular mutations can be identified and the development of small molecular inhibitors that target these mutations has been validated as a clinically useful strategy for the treatment of advanced melanoma. Overall, mutations in the genes of these key signaling molecules can be identified in approximately 70 % of patients with cutaneous melanoma. The most common is BRAF, which can be mutated in 50-60 % of cutaneous melanomas, and has been successfully used as a target in melanoma [133] . NRAS mutations can be identified in almost 20 % of cutaneous melanomas. Although NRAS has eluded drug development to date, there is interest in several NRAS downstream molecular targets [134] . Mutations in CKIT have also been identified in approximately 1-6 % of cutaneous melanomas but the frequency may be higher in mucosal and acral lesions. Studies are underway to better understand the potential of CKIT as a target for drug therapy in melanoma [135] .
BRAF Inhibitors
The studies of BRAF inhibitors have provided important insights into the role of targeted therapy for melanoma treatment. In August 2011, the first targeted drug for melanoma, the selective oral BRAF inhibitor vemurafenib, was approved by the FDA for the treatment of advanced melanoma in patients harboring a mutation in BRAF [136] . BRAF is a member of the mitogen-activated protein kinase (MAPK) pathway and plays a role in transferring cell surface growth signals to the nucleus of the cell. BRAF is one of three ras-activating factors (RAF) that are stimulated by RAS and subsequently activate mitogen-activated protein/extracellular signal-regulated kinase (MEK) in this signaling pathway. Although CRAF is the isoform most commonly activated by RAS, it is the BRAF isoform that is most commonly mutated in malignant cells. A rather unique feature of BRAF mutations is that most ([90 %) occur in one location at amino acid 600, in which the normal valine is substituted with other amino acids, most frequently a glutamic acid resulting in the well defined BRAF V600E mutation. Overall, BRAF mutations have been found in 8 % of all cancers but seem to occur with a higher frequency in tumor cells of neural crest origin with the peak being approximately 50-60 % of melanomas. The mutations result in constitutive activation of MEK regardless of RAS status in the cell. BRAF appears to be a critical oncogene for melanoma as the introduction of a BRAF mutation in wild-type cells is sufficient to induce malignant transformation [137] . Furthermore, BRAF mutations occur early in melanoma pathogenesis as mutations have been reported in severely dysplastic nevi [138] .
A major advance in the field has been the development of small molecule BRAF inhibitors. These agents generally fall into two classes, those that inhibit a large spectrum of protein kinases and those that are more selective for RAF kinases. The more selective agents have achieved much better results in clinical melanoma trials and include the oral drugs, vemurafenib and dabrafenib. These inhibitors selectively block BRAF signaling in cells with BRAF mutations and may actually promote signaling in cells that harbor wild-type BRAF. Vemurafenib has now been widely tested in phase I, II, and III clinical trials for metastatic melanoma patients with a known BRAF mutation. These studies have documented that almost 90 % of patients demonstrate at least some degree of tumor regression following exposure to vemurafenib [136, 139, 140] . The largest clinical trial was a prospectively randomized phase III study in 675 previously untreated patients with metastatic melanoma harboring a BRAF V600E mutation. In this study patients were randomized to treatment with vemurafenib administered at 960 mg orally twice a day or dacarbazine given at 1,000 mg/m 2 of body surface area intravenously every 3 weeks. This trial reported a statistically significant improvement in overall survival (hazard ratio = 0.37, p \ 0.001) and progression-free survival (5.3 vs. 1.6 months; hazard ratio = 0.26, p \ 0.001) favoring vemurafenib treatment [136] . The 6-month survival was 84 % in the vemurafenib group and 64 % in the dacarbazine group. The objective response rate according to Response Evaluation Criteria In Solid Tumors (RECIST) criteria was 48 % in the vemurafenib-treated patients compared with 5 % in the dacarbazine-treated patients. The authors concluded that there was a 63 % relative reduction in the risk of death for patients treated with vemurafenib. Based on these study results, the FDA approved vemurafenib for the treatment of metastatic melanoma harboring a BRAF mutation in August of 2011.
The toxicity profile of vemurafenib included skin reactions consisting of photosensitivity, rash, pruritus, hyperkeratosis, keratoacanthomas, and squamous cell carcinomas. Additional adverse effects were fatigue, arthralgias, alopecia, headache, nausea, vomiting, and diarrhea [136] . In the phase III clinical trial, 38 % of patients required dose modification because of adverse effects. Subsequent data have suggested that treatment with vemurafenib may also result in prolonged QT interval [141] . Thus, patients treated with vemurafenib should have a baseline skin examination and EKG and be instructed to use sunscreen when going outdoors. The patients must be closely monitored for skin reactions, especially the development of squamous cell carcinoma. These tumors appear to be localized and responsive to local excision if they do arise.
In the phase III trial, the median time to response with vemurafenib was 1.45 months and this confirms the rapid onset of therapeutic benefit that can be seen with selective BRAF inhibitors. A potential limiting factor, however, is that across all vemurafenib trials, the median duration of response was about 5.5-7.5 months with a majority of patients eventually experiencing drug resistance and progression of disease. The mechanisms of this resistance remain incompletely defined but may include incomplete inhibition of the MAPK pathway, increased expression of NRAS in BRAF blocked cells, downstream activating mutations in MEK or other pathway factors, and activation of alternative signaling pathways, such as the PI3 kinase pathway [134] [135] [136] . A better understanding of these resistance mechanisms and an intense focus on combination therapy are promising strategies for dealing with drug resistance with BRAF inhibitors.
Clinical trials of dabrafenib, another oral selective BRAF inhibitor, are on-going. In fact, early data from a phase I trial with patients treated with dabrafenib showed that nine of ten patients with metastatic melanoma with untreated brain metastases had reductions in size of brain lesions [142] . The overall reduction in size in brain metastases ranged from 20 % to 100 % [142] . More recently, an open-label phase III randomized trial of dabrafenib was conducted in patients with treatment-naïve, BRAF-mutated, and unresectable stage III or IV melanoma [143] . In this trial, 733 patients were screened and 250 patients were randomized 3:1 to receive dabrafenib (150 mg by mouth twice a day) or dacarbazine (1,000 mg per m 2 by intravenous administration every 3 weeks). The most common adverse effects with dabrafenib were skinrelated effects, fever, fatigue, arthralgia, and headache, while the most frequent toxicity seen with dacarbazine was nausea, vomiting, neutropenia, fatigue, and asthenia. Patients treated with dabrafenib had an improved progression-free survival of 5.1 months compared with 2.7 months for dacarbazine.
CKIT Inhibitors
Similar to BRAF, activating mutations have been identified in CKIT, which encodes a cell surface tyrosine kinase that delivers growth signals to cells. Mutations in CKIT have been well documented in other cancers, including chronic myelogenous leukemia (CML) and gastrointestinal stromal tumors (GIST) where treatment with imatinib, an oral CKIT inhibitor, has been associated with a significant survival advantage [144] . In melanoma, mutations in CKIT have been described in up to 6 % of cutaneous melanomas, although the presence of CKIT mutations is much higher in certain subtypes of melanoma, such as mucosal melanoma (39 %), acral lentiginous melanoma (36 %), and cutaneous melanomas arising in areas of chronic sun-damaged skin (28 %), providing perhaps a partial explanation for the unusual clinical behavior of these melanoma subtypes [145] . The recognition that these types of melanoma are more likely to harbor CKIT mutations has helped plan clinical trials of CKIT inhibitors in patients with melanoma, although mutation analysis is routinely used as eligibility criteria for participation in clinical trials of CKIT inhibitors. This may be particularly important because, in contrast to BRAF mutations which appear to be highly restricted to a single locus, CKIT mutations have been reported across several exons with some more likely to be associated with emergence of drug resistance [146] . A higher frequency of CKIT mutations are found within exon 11 at a site that encodes the juxtamembraneous region of the receptor. CKIT is emerging as an important target in melanoma since many of the melanoma variants harboring CKIT mutations have traditionally been resistant to other therapeutic modalities available for melanoma treatment.
Imatinib is an oral CKIT inhibitor and has demonstrated dramatic clinical responses in patients with melanoma harboring CKIT mutations [147] . In a recent open-label, single-arm, phase II clinical trial, 295 patients with metastatic mucosal, acral, or cutaneous melanoma arising in chronic sun-damaged skin were screened for the presence of a mutation in CKIT [148] . Of the 295 patients, 51 patients with mutations were identified and 28 patients were treated with imatinib administered at a dose of 400 mg orally twice a day. The trial reported two complete objective responses, two durable responses, and two transient partial responses among 25 patients evaluable for response. The overall objective response rate was 16 % with a 12-week median time to disease progression. In this report, the authors did find an association between clinical response and mutation pattern. Further clinical studies with other CKIT inhibitors, including dasatinib and nilotinib, are underway in melanoma [136] .
MEK Inhibitors
Another factor in the MAPK pathway is MEK. MEK is downstream from CKIT, NRAS and BRAF/CRAF but has also been reported to harbor activating mutations [149] . Selumetinib is an orally available selective MEK inhibitor and has shown anti-tumor activity against BRAF V600E-mutated melanoma cell lines and therapeutic activity in pre-clinical melanoma models [150, 151] . This agent was evaluated in an open-label, randomized, phase II clinical trial in which 200 patients with unresectable stages III or IV melanoma were evenly randomized to selumetinib administered at 100 mg orally twice a day in 28-day cycles or temozolomide given at 200 mg/m 2 of body surface area orally each day for 5 days in each 28-day cycle [152] . The authors reported a toxicity profile that included dermatitis acneiform, diarrhea, nausea, and peripheral edema for the selumetinib-treated patients. There was no difference in objective response rate or progression-free survival between the treatment groups. This trial, however, did not require mutation status testing prior to study enrollment. The authors did report that five of the six partial responders were subsequently found to harbor BRAF V600E mutations. Thus, future studies focusing on melanoma patients with defined BRAF or MEK mutations are expected.
Vascular Endothelial Growth Factor Inhibitors
Melanoma, like many tumors, produces high levels of VEGF. The presence of high levels of VEGF has been correlated with poor prognosis, immune suppression, and growth of tumor neovasculature and tumor progression. Thus, VEGF may be an important target for therapeutic intervention in melanoma. Several clinical trials have attempted to test this hypothesis with equivocal results. In a single-arm, multi-institutional, phase II clinical trial, 62 patients with previously untreated metastatic melanoma were treated with oral temozolomide at a dose of 150 mg/ m 2 on days 1-7 and the anti-VEGF monoclonal antibody, bevacizumab, at a dose of 10 mg/kg by intravenous administration on day 1 every 2 weeks until disease progression or unacceptable toxicity [153] . The objective response rate was 16 % (one complete response and nine partial responses) with an additional 22 patients with stable disease for an overall disease control rate of 52 %. The median progression-free survival was 4.2 months and overall survival was 9.6 months. The authors reported an improvement in overall survival for patients with BRAF V600E-mutated melanoma (12.0 vs. 9.2 months, p = 0.014).
In another single-arm, phase II clinical trial, bevacizumab (15 mg/kg) was administered intravenously on day 1 of a 2-week cycle in combination with interferona-2B given at a dose of 5 MU/m 2 subcutaneously three times a week during cycle 1 and at a dose of 10 MU/m 2 subcutaneously three times a week during subsequent cycles. The patients were restaged every six cycles and a total of 25 patients were enrolled [154] . The authors reported that adverse effects included interferon-related fatigue and myalgias requiring dose reduction in 11 patients, bevacizumab-related proteinuria in six patients, and three grade 4 adverse events: one pulmonary embolism, one myocardial infarction, and one stroke. Overall, six patients had an objective partial response and five patients had stable disease. The median progression-free and overall survival rates were 4.8 and 17 months, respectively. The regimen was considered to have clinical activity. A placebo-controlled, prospective, randomized clinical trial was conducted to compare the combination of bevacizumab (15 mg/kg), carboplatin (area under the plasma concentration curve, 5), and paclitaxel (175 mg/m 2 ) administered every 3 weeks with chemotherapy alone [155] . A total of 214 patients were randomized 2:1 to the three drug combination treatment or to chemotherapy and placebo. At a median follow-up of 13 months, the bevacizumab/chemotherapy group had a median progressionfree survival of 5.6 months compared with 4.2 months in the chemotherapy-alone group (hazard ratio = 0.78, p = 0.14). The objective response rate was 25.5 % for the bevacizumab group compared with 16.4 % for the control group (p = 0.16). The authors concluded that the study did not meet its initial endpoint of improved progression-free survival. Collectively, these studies suggest the potential of VEGF as a target but failed to confirm a significant improvement in clinically meaningful endpoints for bevacizumab.
Other Targets
A variety of additional molecular targets has been identified for potential drug development in melanoma.
AKT/PI3K/mTor
In addition to the MAPK pathway, the P13K/AKT/mammalian target of rapamycin (mTOR) pathway has also been shown to harbor activating mutations that cooperate with BRAF mutations to promote tumor pathogenesis [156] . In addition, the tumor suppressor gene, PTEN, which normally inhibits this pathway is frequently lost in melanoma cells through both missense mutations and allelic deletion. Although selective drugs targeting AKT, PI3K, and mTOR are in development, and have shown promise in other tumors, convincing data of single-agent activity in melanoma are lacking at present.
CDK4/p16
Melanoma cells have been known for some time to harbor alterations in several cell cycle factors, including the cyclin-dependent kinase 4 (CDK4/p16) [157] . The presence of point mutations is rare and it has been more common to find complete deletion of the p16 locus or cyclin D amplifications. While these genetic aberrations in melanoma cells suggest this may be an attractive therapeutic target, no preliminary data or specific drugs have yet been tested despite the development of CDK inhibitors.
ErbB4
Mutations in the ErbB family of tyrosine kinase receptors have been implicated in a variety of cancers, although only ErbB4 has been identified with mutations in melanoma [158] . This raises the potential to utilize non-selective inhibitors of ErbB in melanoma and will likely spur additional research to develop more selective inhibitors of ErbB4 for melanoma therapy.
GNAQ
GNAQ is a G protein of the G1 family and has been shown to harbor activating mutations in an a subunit in ocular melanomas [159] . In contrast to cutaneous and mucosal melanomas, uveal melanomas do not appear to have mutations in BRAF, CKIT, or NRAS. The activating mutation in GNAQ does result in stimulation of the MAPK signaling pathway and cell lines harboring GNAQ mutations are sensitive to MEK inhibitors, and studies with selumetinib seem likely [159] .
MITF
The master melanoma-lineage transcription factor, MITF, has been suggested as a potential therapeutic target and has been found to be amplified in up to 20 % of melanoma cells [160] . MITF regulates the transcriptional control of several critical genes, including the cyclin-dependent kinase 2 (CDK2), suggesting a role as an oncogene in melanoma cells. Further interest in MITF has been based on recent findings suggesting that BRAF may partially control MITF expression, possibly by mediating MITF phosphorylation by the MAPK pathway and subsequent ubiquitin-mediated proteolysis [161] .
NRAS
The role of mutated NRAS in melanoma has been widely recognized and can be found in approximately 20 % of melanoma cells. The importance of NRAS is also highlighted by the clinical activity of the selective BRAF inhibitors and the increased expression of NRAS as a mechanism of resistance in vemurafenib-treated melanoma cells [162] . To date, NRAS has eluded selective therapeutic drug development.
p53
Although p53 is usually intact in melanoma cells, the functional status of p53 can be altered through genetic and epigenetic modifications of p53 messengers. For example, MDM2 has been shown to be amplified in melanoma cell lines resulting in lack of p53 function [163] . Thus, there is interest in using recently identified MDM2 antagonists for treatment of melanoma. Further studies are needed to better understand the utility of functional p53 as a target in melanoma therapy.
Combination Therapy
While the development of targeted therapy has already revolutionized the clinical management of patients with melanoma, it is clear that single-agent inhibitors are unlikely to result in significant advances in overall survival for most patients with advanced melanoma. The success of vemurafenib, however, has validated the study of targeted therapy and has generated considerable interest in understanding the mechanisms of resistance in vemurafenibtreated patients. The identification of additional molecular targets within the MAPK pathway and others leads to the potential for combining inhibitors of two or more targets within the same or across different cell signaling pathways. In addition, it may be possible to consider combining targeted therapy with other therapeutic modalities, such as cytotoxic chemotherapy and immunotherapy. The recent finding that vemurafenib induces an early local T-cell infiltration into melanoma sites further supports the potential for combining BRAF inhibition with immunotherapy designed to stimulate tumor-infiltrating lymphocytes [164] . Future clinical trials evaluating a variety of rationally designed, combination treatment regimens will be necessary to better define optimal therapeutic strategies for patients with advanced melanoma [165] .
Future Directions
The advances made in the past few years for the treatment of advanced melanoma have been dramatic with the approval of two new drugs in the past year, ipilimumab and vemurafenib [87, 137] . An improved understanding of the basic molecular and cellular changes in melanoma and the interactions with the host immune system have yielded important insights into the basic biology of melanoma while providing new therapeutic targets for drug development. Clearly, there will be an intense focus on new molecular targets based on the success of vemurafenib and new immunotherapy strategies based on the ipilimumab data. Research will undoubtedly include combination studies within and across the various modalities available for melanoma treatment. The studies conducted have highlighted important issues in the management of melanoma, including the potential for autoimmune toxicity, delayed kinetics of therapeutic response, and the likelihood of emerging drug resistance with molecularly targeted therapies. These challenges will be the subject of further investigation in the coming years.
Metastatic melanoma remains a challenging clinical problem but the availability of several new drugs has improved the therapeutic options for patients. In addition to dacarbazine and IL-2, the recent approval of ipilimumab and vemurafenib are changing the clinical landscape of melanoma treatment. Studies need to be conducted to better understand the optimal sequencing of these agents and questions about dosing, particularly for ipilimumab, need to be resolved. The role of surgical intervention may also need to be reconsidered given the potential effectiveness of these new agents, which must be balanced against the emergence of drug resistance. The next few years promise to be exciting ones with so many new agents on the horizon.
